LARGE INTESTINE EFFECTS OF FIBER SUPPLEMENTS
============================================

The large intestine is composed of the cecum (most proximal portion, receives liquid residue from distal ileum), the colon (ascending, transverse, descending, and sigmoid), the rectum, and the anus. Approximately 1500 mL of liquid residue arrives in the large intestine daily, and normally, more than 90% of the water and electrolytes are gradually reabsorbed, resulting in formed stool.[@R1] The motor events of the large intestine are ≈ 95% segmental ("mixing" waves) that facilitate the absorption of water and electrolytes, whereas the remaining ≈ 5% are propagating contractions (peristalsis).[@R2] Propagating contractions occur over a wide range of amplitudes and transit rates, from frequent low-amplitude (10 mm Hg), rapidly propagating (up to 17 cm/s) waves that act like a "squeegee" to propel gas past other luminal contents to infrequent high-amplitude (\>100 mm Hg), slowly propagating (≤1 cm/s) contractions that are lumen-occluding events, propelling all contents.[@R2] This difference in wave form drives the observed differences in transit rates: Gas can transit the entire gastrointestinal tract in less than 1 hour (flatulence ≈ 14 episodes per day) versus hard stools, which can require days to transit the large bowel (infrequent bowel movements).[@R2],[@R3]

LARGE INTESTINE EFFECTS: FIBER SUPPLEMENTS IN CONSTIPATION, DIARRHEA, AND IRRITABLE BOWEL SYNDROME
==================================================================================================

There are 2 mechanisms by which fiber supplements can improve constipation: (1) mechanical stimulation/irritation of the colonic mucosa and (2) gel-dependent/viscous water-holding capacity that resists dehydration. Both mechanisms require a fiber supplement that is relatively nonfermented, so that most of the fiber remains intact and present in stool throughout the large intestine.

The first mechanism is mechanical stimulation/irritation of the gut mucosa by the particles of insoluble fiber. The mechanical stimulation/irritation results in secretion of mucous and water, resulting in larger/softer stools and faster transit through the large bowel. This mechanism is proportional to particle size and shape---large coarse particles have a significant laxative effect, whereas small smooth particles do not.[@R3]--[@R8] This effect was discerned by assessing wheat bran milled to different size/shaped particles versus plastic particles cut to match.[@R6],[@R8] The plastic particles had the same laxative effect as the wheat bran, and the magnitude of the effect was dependent upon the particle size/shape. Insoluble fiber has no water-holding/gel-forming capacity, so insoluble fiber supplements cannot be of benefit for attenuating loose/liquid stools in diarrhea. The mucosal stimulating/irritating effect of insoluble particles can actually make symptoms of diarrhea and irritable bowel syndrome (IBS) worse.[@R9],[@R10]

The second mechanism is high water-holding capacity that resists the water-absorbing/dehydrating effects of the large bowel. Nonviscous soluble fibers, like wheat dextrin and inulin, are fermented (not present in stool throughout the large bowel) and have no water-holding capacity and thus do not provide a laxative benefit at physiologic doses.[@R11]--[@R24] Wheat dextrin actually has is a constipating effect at physiologic doses (eg, 10-15 g/d).[@R23] Most gel-forming fibers (eg, guar gum, Acacia gum, β-glucan from oats, and barley) are also fermented in the large bowel, resulting in loss of their viscous/gelled nature[@R3],[@R4],[@R25] and no laxative effect. Once fermented, the fiber is no longer intact and present in stool, lacking the water-holding capacity required for soluble fibers to improve stool form and symptoms in constipation, diarrhea, or IBS.

In contrast to the fiber supplements discussed above, psyllium is not fermented in the gut[@R3],[@R26] and retains its water-holding gelled structure throughout the large bowel. Although psyllium has often been reported as fermentable, there exists a significant discrepancy between in vitro data and human (clinical) experience. Under in vitro test conditions, psyllium is mixed with stool and homogenized in high-speed mechanical blender.[@R27]--[@R29] The hydrated/gelled psyllium is exposed to rapid mechanical shearing forces that destroy the physical structure of the gel matrix, artificially rendering psyllium nonviscous/fermentable. In contrast, 5 well-controlled clinical studies show that psyllium is not fermented in the human gut.[@R30]--[@R34] The 5 clinical studies assessed the fermentation of psyllium versus a negative control (placebo), a positive control (lactulose), and/or comparative fiber supplements (eg, methylcellulose, guar gum, pectin, cellulose), assessing breath gas, flatulence, and/or short-chain fatty acid production. All 5 studies showed that the psyllium gel was not fermented.[@R26] This retained gel allows psyllium to provide a dichotomous effect as a stool normalizer: softens hard stool in constipation (softer bulkier stools that are easier to pass, increased transit rate, improved bowel movement frequency)[@R3],[@R7],[@R35] and improves the consistency of loose/liquid stools in diarrhea (formed stools, slower transit rate, decreased urgency, less frequent bowel movements)[@R36]--[@R39]

In a randomized, double-blind, clinical study of 170 patients with chronic idiopathic constipation, psyllium was shown to be superior to docusate for increasing stool water content (softer stools; *P* = .007) and the frequency of bowel movements (*P* = .02).[@R7] The American College of Gastroenterology Chronic Constipation Task Force systematically reviewed the available clinical evidence regarding the use of fiber supplements in chronic constipation and concluded that there was insufficient clinical evidence to support a recommendation for calcium polycarbophil, methylcellulose, or bran but concluded that psyllium was the only fiber supplement with sufficient clinical evidence to support a recommendation for treatment of chronic constipation.[@R40] Furthermore, a recent (2013) comprehensive review on the effects of fiber in functional bowel disorders concluded that a recommendation for psyllium was best supported by the available clinical evidence.[@R9] This conclusion was in agreement with an earlier systematic review conducted by the American College of Gastroenterology Task Force on IBS, which also concluded that psyllium was effective for IBS.[@R41]

SMALL INTESTINE EFFECTS COUPLED WITH LARGE INTESTINE EFFECTS: SATIETY IS INFLUENCED BY GEL FORMATION (SMALL INTESTINE), WHEREAS WEIGHT LOSS/MAINTENANCE IS FURTHER INFLUENCED BY RESISTANCE TO FERMENTATION (GELREMAINS INTACT IN THE LARGE INTESTINE)
======================================================================================================================================================================================================================================================

A high level of dietary fiber consumption (eg, replacement) has been associated with a 30% reduction in the risk of gaining weight or developing obesity.[@R42]--[@R44] As discussed in previous sections, however, care must be taken when attributing the health benefits of dietary *replacement* to fiber *supplements*. A recent comprehensive review of available clinical data concluded that resistant starch (soluble, nonviscous, fermentable; eg, wheat dextrin) had no significant effect on satiety or weight loss at physiologic doses.[@R45] A yearlong study in 97 adolescents has been quoted as demonstrating weight loss for a "prebiotic" fiber supplement (soluble, nonviscous, fermentable), but a closer look at the data shows that the prebiotic fiber group (8 g/d) was not different from baseline for body mass index.[@R46] In contrast, gel-forming fibers (eg, guar gum, pectin, and psyllium) have been shown to increase satiety and reduce subsequent energy intake.[@R47]--[@R49] A well-cited clinical study demonstrated that apples were significantly more satiating than fiber-free apple juice, even though the juice provided the same level of carbohydrate as the apples.[@R50] Pectin is the gel-forming fiber in apples and has been shown to increase satiety.[@R51]

Gel-forming fibers may influence satiety by several mechanisms, including delayed degradation and absorption of nutrients in the small bowel, leading to a "sustained" delivery of nutrients, and delivery of nutrients to the distal ileum with subsequent stimulation of feedback mechanism like the "ileal brake" phenomenon (slows gastric emptying and small bowel transit) and decreased appetite.[@R3],[@R4],[@R52]--[@R54] Studies have used an insoluble fiber or a soluble nonviscous fiber as a negative control, reinforcing the assertion that the effect on satiety is a gel-dependent phenomenon.[@R49],[@R55]--[@R59] Satiety is often assessed in short-term clinical studies as a tool or mechanism for predicting the potential for decreased energy intake and weight loss, but the end therapeutic goal is weight loss (or prevention of weight regain). A review of the effects of fiber supplements on weight loss[@R60] identified 17 placebo-controlled clinical studies, most of which maintained subjects on energy-restricted diets and fiber supplements (mostly insoluble fiber), provided 3 times daily before meals. Fiber supplement intake ranged from 4.5 to 20 g/d, and the results showed that only 1 of 17 studies provided evidence of weight loss greater than placebo,[@R60] supporting the previous conclusion that insoluble fiber has no significant clinical effects in the small bowel.

A 6-month study compared the effects of viscosity on weight loss by assessing a viscous, gel-forming, nonfermented fiber (psyllium) versus a less viscous, readily fermented fiber (partially hydrolyzed guar gum).[@R61] This randomized controlled clinical study included 141 patients with metabolic syndrome. Patients were maintained on a restricted diet alone (American Heart Association Step 2 diet, negative control) or the restricted diet supplemented with psyllium or partially hydrolyzed guar gum (both dosed 3.5 g twice a day with breakfast and dinner). The control group showed gradual loss in weight over the first 4 months, followed by weight regain (Figure). After 2 months, the guar gum treatment group showed a marked weight reduction (−2.4 kg vs baseline), but this reversed to weight regain over the following 4 months (Figure). In contrast, the psyllium treatment group showed gradual and sustained weight loss across the entire 6-month test period (Figure). At 6 months, weight loss for the psyllium treatment group was −3.3 kg versus baseline, −2.1 kg versus control, and −1.76 kg versus guar gum (*P* \< .01 for all 3 comparisons).[@R61] The data suggest that 2 fiber characteristics, high viscosity/gel forming and nonfermented (no calorie harvest from fiber), may play key roles in the long-term weight loss.[@R61]

![Shows the results of a 6-month study in patients with Metabolic Syndrome. A restricted diet alone showed a modest weight loss over 4 months, followed byweight re-gain. In combinationwith the restricted diet, partially hydrolyzed guar gum (3.5g bid), a less viscous readily fermented fiber, showed amarkedweight loss at 2 months followed by weight re-gain over the following 4 months. In contrast, psyllium (3.5 g twice a day), a viscous, gel-forming, non-fermented fiber supplement, inaddition to therestricteddiet, showed sustained weight loss over the 6-month study. Source: McRorie J, Fahey G. A review of gastrointestinal physiology and the mechanisms underlying the health benefits of dietary fiber: matching an effective fiber with specific patient needs. *Clin Nurs Stud*. 2013;1(4):82-92.](nt-50-90-g001){#F1}

It is worth noting that the gel-forming fibers in the study above also improved other objective clinical measures of metabolic syndrome. After 6 months of treatment, both the psyllium and guar gum treatment groups showed significant improvement in fasting plasma glucose (−28% vs −11%, respectively), fasting plasma insulin (−20% vs −11%, respectively), hemoglobin A~1c~ (−10% vs −10%, respectively), and low-density lipoprotein (LDL) cholesterol (−8% vs −8%, respectively).[@R61] Only the psyllium group exhibited a significant improvement in plasma triglyceride concentration (−13.3%) and systolic (−3.9%) and diastolic (−2.6%) blood pressure. At the conclusion of the study, 12.5% of patients in the psyllium group no longer qualified for a diagnosis of metabolic syndrome, versus 2.1% of patients in the guar gum group and 0% of patients in the diet-alone group.[@R61] Taken together, these data support that a soluble viscous, gel-forming fiber supplement can be an effective cotherapy for treating metabolic syndrome.

DEGREE OF PROCESSING CAN AFFECT FIBER GELLING BEHAVIOR AND EFFICACY IN MARKETED PRODUCTS
========================================================================================

Although it has been clearly shown that raw gel-forming fibers (eg, guar gum, high-molecular-weight β-glucan) can exhibit significant health benefits, it is important to consider how the degree of processing to make a final marketed product may alter the viscosity/gelling capacity of a fiber supplement.[@R3],[@R57],[@R59],[@R62]--[@R64] For example, 2 clinical studies investigated the effects of β-glucan from oat bran, either baked into bread and cookies (study 1) or provided as a raw fiber in orange juice (study 2), on serum cholesterol concentrations in 48 subjects with hypercholesterolemia.[@R64] In the first study, subjects completed a 3-week baseline with control bread and cookies rich in wheat fiber (insoluble, negative control), followed by a randomized 4-week treatment period: remained on the control fiber products (negative control) or switched to bread and cookies enriched with β-glucan (5.9 g/d). The β-glucan baked into bread and cookies had no effect on serum LDL-cholesterol (not different from negative control). In contrast to these results, study 2 provided a lower dose of β-glucan (5 g/d) in orange juice, which significantly decreased LDL-cholesterol concentration versus the wheat fiber control (*P* \< .001). The authors concluded that food matrix, food processing, or both could adversely affect the cholesterol-lowering efficacy of β-glucan.[@R64] This emphasizes the importance of recognizing that not all marketed fiber supplements will provide the clinical efficacy of the original raw fiber.

Another example of the importance of processing (heat and pressure) on the viscosity/gel-forming capacity of a raw fiber is a double-blind, parallel-design, multicenter clinical study that randomly assigned 386 subjects to receive cereal containing wheat fiber (negative control) or 1 of 3 oat bran cereals (high, medium, and low viscosity), equaling 3 to 4 g of β-glucan daily.[@R59] The viscosity of the β-glucan was altered by the degree of processing (heat and pressure) to which the fiber was exposed in making the cereal. The results showed that cholesterol lowering was highly correlated with the viscosity of the β-glucan: High viscosity (lower heat and pressure) was correlated with significant cholesterol lowering; low viscosity (higher heat and pressure) was correlated with diminished cholesterol lowering. Taken together, these studies demonstrate that the physicochemical properties of raw oat β-glucan were altered by processing and the degree to which a gelling fiber is processed (hydrolysis, baking, heat/pressure extrusion into cereal shapes) before marketing should be taken into consideration before recommending a particular fiber supplement or cereal.

Attempts to improve the palatability of fiber supplements can also affect the efficacy of a fiber supplement. As discussed previously, raw guar gum is normally a highly viscous, gel-forming fiber with proven gel-dependent health benefits. To improve palatability, however, a commonly marketed version is partially hydrolyzed guar gum, which is a nonviscous product that dissolves completely in water without altering viscosity. Other similar products also make claims of "dissolves completely" and/or "no viscosity" (eg, wheat dextrin, inulin), as if the nonviscous nature of the fiber represented a consumer benefit. Advertising that compares a nonviscous fiber with a gelling fiber, on the basis of relative palatability, carries an underlying implication that the 2 fiber supplements are comparable in efficacy. This implied equality is not supported by clinical data, which shows that most of fiber-related health benefits are dependent on a viscous gel. Because the term *fiber supplement* implies that regular (daily) consumption will provide essentially the same health benefits of a high-fiber diet, it is reasonable to require evidence of a clinically meaningful health benefit before selecting/recommending a fiber supplement.

This requirement for clinical evidence is consistent with the definition of fiber provided by the Institute of Medicine,[@R64] in which they differentiated between "dietary fiber" and "functional fiber": "Dietary Fiber is defined in this report as non-digestible carbohydrates and lignin that are intrinsic and intact in plants. Functional Fiber is defined as isolated, non-digestible carbohydrates that have beneficial physiological effects in humans." Note that the Institute of Medicine definition requires that isolated carbohydrates (fiber supplements) have clinical evidence of a health benefit before being considered a functional fiber. This requirement is also consistent with the Academy of Nutrition and Dietetics position paper on the health implication of dietary fiber, in which they state "Few fiber supplements have been studied for physiological effectiveness, so the best advice is to consume fiber in foods. Look for physiological studies of effectiveness before selecting functional fibers in dietetics practice."[@R66] Taken together, these observations emphasize the importance of being cognizant of not only the specific fiber types that exhibit characteristics closely associated with specific health benefits (eg, viscosity/gel formation) but also the degree of processing to which the final marketed product has been exposed. For a simple and reasonable test to determine if a fiber supplement can provide gel-dependent health benefits, stir a single dose of the marketed product (usually 2--4 g of fiber) into 120 mL of water and let it stand for 15 minutes. If the fiber supplement does not dissolve in the water, then form a highly viscous gel within the allotted time, it is unlikely to have a clinically meaningful effect on cholesterol lowering, improved glycemic control, appetite control, or other viscosity/gel-related health benefits.

WHY FIBER SUPPLEMENTS CAN CAUSE GASTROINTESTINAL SYMPTOMS, AND HOW TO AVOID SYMPTOMS FOR LONG-TERM COMPLIANCE
=============================================================================================================

Sensations of slight discomfort to cramping pain may be associated with an increase in consumption of dietary fiber, particularly if the patient is constipated and/or a fiber supplement is initiated at a relatively high dose.[@R3],[@R4] When stool is formed, and of similar consistency, there is minimal deformation with peristalsis, so there is no significant bowel wall distention. In normal individuals, this propulsion is not typically perceived unless it causes stool to fill the rectum, stimulating an urge to defecate.[@R3],[@R4],[@R67] In contrast, if a propagating contraction causes a bolus of lower-viscosity fiber-rich stool to collide with more distal formed/hard stool, the lower-viscosity fiber-rich stool deforms to cause acute dilation of the bowel, stretching mechanoreceptors and causing sensations of discomfort to cramping pain. The discomfort/pain would be transient, occurring with the frequency of propagating contractions, and relieved with a bowel movement.

To facilitate long-term compliance with a fiber supplement regimen, it is important to minimize significant differences in stool viscosity. For nonconstipated subjects, this entails starting a new fiber supplement gradually, initiating dosing at no more than 3 or 4 g/d the first week, then increasing very gradually over subsequent weeks with a goal of about 10 to 15 g/d. For constipated patients, any introduction of a new fiber regimen carries a significant risk of cramping pain unless the hard stool is eliminated first. A reasonable suggestion is to first clear the hard stool from the bowel with a significant dose of an osmotic laxative (eg, polyethylene glycol). The ensuing cramping pain and potential loose stool after evacuation of the hard stool will be associated with the osmotic laxative, not a fiber supplement. Once the hard stool is cleared, gradually introduce a new fiber supplement as above. This may improve long-term compliance with a new fiber supplement.

Conclusions
===========

Despite a general consensus that fiber is "good for you," it is important to recognize the difference between replacement with dietary fiber that is intrinsic and intact in whole foods and a supplement with an isolated fiber source. Fiber supplements cannot be presumed to have the same health benefits that are associated with dietary fiber that is intact and intrinsic in whole foods. The clinically proven health benefits for fiber supplements are associated with specific characteristics (eg, viscous gel), and only a minority of marketed fiber products provide health benefits (summarized in the Table). As described in part 1 of this 2-part series, the health benefits associated with fiber effects in the small bowel (eg, cholesterol lowering, improved glycemic control) are a gel-dependent phenomenon, and the degree of benefit is proportional to the viscosity of the gelling fiber. As described in part 2 of this series, the health benefits associated with fiber effects in the large bowel (eg, relief from constipation, diarrhea, IBS) are derived from 2 mechanisms: An insoluble fiber provides a mechanical stimulus proportional to particle size (eg, wheat bran---softens hard stool in constipation but can exacerbate diarrhea and IBS), whereas a soluble, nonfermented gel-forming fiber retains its high water-holding capacity throughout the large bowel to provide a stool normalizing effect (ie, psyllium---softens hard stool in constipation, firms loose/liquid stool in diarrhea, normalizes stool form in IBS). When recommending a fiber supplement, only a soluble nonfermenting, gel-forming fiber has been clinically proven to provide all of the health benefits typically associated with a fiber supplement.
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